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Abstract

Background and Objectives : Mango (Mangifera indica L.) is a tropical fruit with a unique color, aroma, and taste.
It is rich in nutrients that benefit health, including carbohydrates, proteins, dietary fiber, vitamins, and minerals.
Additionally, it contains important bioactive compounds such as phenolic acids, flavonoids, and carotenoids (Gupta
et al., 2022). However, mangoes have a high moisture content, making them highly perishable after harvest. Excess
mango production beyond market demand impacts production costs. Processing mangoes into dried fruit products
is an alternative that adds value and extends shelf life. Nevertheless, hot-air drying methods have the drawback of
being time-consuming, which negatively affects the product quality. The pretreatment method of mangoes before
drying, such as osmotic dehydration, can reduce drying time. Osmotic dehydration is a method that involves
soaking fruits or vegetables in a solution to remove water from them. This process reduces moisture content and
water activity (a,), which inhibits the growth of microorganisms responsible for food spoilage. It also Improve the
physicochemical and sensory qualities, as well as extend the shelf life of fruits and vegetables. However,
conventional osmotic dehydration methods take a long time. The application of non-thermal and environmentally
friendly technologies, such as ultrasound and vacuum impregnation combined with osmotic dehydration, can
enhance mass transfer efficiency, allowing water to be removed from the raw material more quickly while also
improving the quality of the food material. The ultrasound technique induces cavitation, leading to microstructural
changes in fruit tissue, which facilitates the movement of water and solutes (Trusinska et al., 2024). Meanwhile,
vacuum conditions help eliminate gases in the intercellular spaces using a hydrodynamic mechanism, allowing

solutions to impregnate the pores of the plant structure (Gautam et al., 2024). Thus, this study aims to investigate
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the effects of ultrasound and vacuum combined with osmotic dehydration on mass transfer, physicochemical
properties, and antioxidant activity in mango slices.

Methodology : The preparation of Kaew Kamin mango for the osmotic dehydration study begins with slicing the
mango lengthwise into pieces approximately 1 cm thick. The mango slices were soaked in a 0.5% calcium chloride
solution to enhance firmness and then blanched in boiling water at 100°C for 30 seconds to help preserve color
quality. Mango slices were pretreated using four osmotic dehydration techniques: traditional osmotic dehydration
(OD), vacuum-assisted osmotic dehydration (VOD), ultrasound-assisted osmotic dehydration (USOD), and
ultrasonic-assisted vacuum osmotic dehydration (USVOD). The mango slices were soaked in 60° Brix sorbitol
solution at 1:3 mango to solution ratio for 8 hours. The study was conducted under vacuum conditions in a vacuum
chamber with a pump (Gast model DOA-P504-BN Labmodel, Germany) at 150 mbar. For ultrasound pretreatment,
a high-intensity ultrasonic processor (Sonics Vibra-Cell VCX-500, USA) with 500 watts and 20 kHz was used. Water
loss (WL), solid gain (SG), weight reduction (WR), moisture content, and water activity were measured at various
time intervals (2, 4, 6, and 8 hours). At the end of the osmotic dehydration process (after 8 hours), color (L*, a*, b*,
and AE), total soluble solids, pH, titratable acidity, total carotenoid content, total phenolic content, and antioxidant
activity (using the DPPH method) were analyzed. The experiment was conducted using a completely randomized
design (CRD). The experimental data were analyzed using analysis of variance (ANOVA), and significant
differences between mean value of treatments were determined using Duncan’s Multiple Range Test (DMRT)
at a 95% confidence level with SPSS for Windows. All experiments were repeated three times.

Main Results : The osmotic dehydration techniques, including OD, VOD, USOD, and USVOD significantly affected
the mass transfer parameters, physicochemical and antioxidant properties of osmotically dehydrated mango slices.
The experimental results showed that the USVOD technique effectively accelerated mass transfer in the osmosis
process. At the end of the process, the mango slices exhibited the highest water loss and solid gain, reaching
68.09% and 19.56%, respectively. Meanwhile, the moisture content and water activity showed the greatest
reduction, with values of 41.70% and 0.8773, respectively, when compared to other techniques. The study on
the physicochemical properties of osmotically dehydrated mango after 8 hours revealed that the use of the USVOD
technique resulted in the highest total soluble solids and pH values. Whereas the titratable acidity, lightness (L),
greenness (-a), yellowness (b*), and color difference (AE) were at their lowest. Additionally, the USVOD technique
resulted in higher total carotenoid content, total phenolic content, and DPPH radical scavenging activity, compared

to all other technigues used in the study.
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Conclusions : Osmotic dehydration techniques affect the quality of osmotically dehydrated mango slices in terms
of mass transfer, physicochemical and antioxidant properties. The application of the USVOD technique improves
mass transfer efficiency by increasing water loss and solid gain, while reducing moisture content and water activity
to the maximum. Additionally, mango slices pretreated with the USVOD technique resulted in the highest total

soluble solid content, pH values, antioxidant activity, and bioactive compounds, including total carotenoid content

and total phenolic compounds, while exhibiting the lowest AE value. It can be concluded that the USVOD technique
is a non-thermal and environmentally friendly technology that can be applied to raw material preparation to enhance
efficiency in commercial drying processes. It reduces energy consumption, processing time, and production costs
while preserving the nutritional value of the products.

Keywords : mango ; osmotic dehydration ; ultrasound ; vacuum impregnation
*Corresponding author. E-mail : kulab.sj@gmail.com
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Methodology

1. NITATENAIDENN

1) AaeTENFA8EN (sample preparation)

PnuzdaauArRLLARENLANY N ANEgzes Ueniaenua i duiunn A Ne1amin 1 iR wily
arsazanaunadanAaalsdaonduduiastar 0.5 Nasneiladudanawiinisaanluiiken guugil 100 a9an
- S U P
waiea wnan 30 Jud WeduginaiinUfisedvinna
2) NI¥UIUN7004 INANA [94ATTF34 (osmotic dehydration process)
FarninTunzaag 200 nfu Mmrenldlude 1) 1ldludninasauis 1,000 Raaamns wilua1sazans

o

FAFINAAINNDL 60 89A1LTNT (°Brix) NEM149U 1 : 3 AAwasi5n19989 Naknean et al. (2013) N13ANEN

213



B AIANTIMENANERFYINT TN 30 (RATUTA 1) WNTIAN — LmIEl WA, 2568
R oach\CE JOURNAL BURAPHA SCIENCE JOURNAL Volume 30 (No.1) January — April 2025 UNANNIAY

¥ o

ﬁmquzgtyty'}mﬂ‘ﬁhﬁﬂmm“’mmﬁq@fjﬁmﬂuiﬂ@Jmm’m%‘u (Vacuum desiccator, PolyLab®, Thailand) fisiaudniivs
ﬁuqzytquﬁ (Gast-model DOA-P504-BN Labmodel, Germany) lfaa1uaw 150 Haau1g (mbar) @115unng bd
ARUSARITUA LA e TAAALLF mmﬁ'qwﬁm‘ﬂwm (Sonics Vibra-Cell VCX-500, USA) Wa<4114 500 3561
(watts) LALALNNT 20 nlaldsmd (kHz) TN AN LA L RINARDY LEAAIAY Table 1 amiuutFesne
Iummq:mammﬂﬂﬂﬁﬁqmmﬁ 25 gaANTATHA AUATLIAAN 2, 4, 6 UAT 8 Tl TnsazimiieenannTuNzing
neudn l3imszinistialeunaaansnn 2 ol ANMFUAMANTANILARNIENIN UATNITAIUBYYABATY AN

a0 8 dalug

Table 1 Description of the osmotic dehydration processes.

Time (min)
Treatment
Vacuum (150 mbar) Ultrasound (amplitude 40%)
oD - -
VOD 20 -
usoD - 20
UsSvoD 10 10

Osmotic dehydration (OD), Vacuum-assisted osmotic dehydration (VOD), Ultrasound-assisted osmotic

dehydration (USOD), and Ultrasonic-assisted vacuum osmotic dehydration (USVOD) treatment.

2. NM7AIRiAANLR 1un1708 laUNIAdT (mass transfers)
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Nanad (weight reduction, WR) #inudasianisaes Li et al. (2019)

— Wwo_Ww
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sG =YsWso 4 100 2)
WR = Yo W 100 3)
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1.3) 73Lm'mzﬁqw'fﬁfﬂ’ﬁrﬁ’fm@%@%a'a‘:T,mﬁ% DPPH radical scavenging assay AauLlasiannsae4 Loypimai
et al. (2010)
1a1980aU3u7m5 100 lulAsamns annde 1.1) LAN&1782a"8 DPPH U317m5 3 Radans Auluiile
14714 30 W9 d“mmﬂ’]i@mﬂ%w,l,mﬁ 517 unTuums @aeLAaes Spectrophotometer (Thermo Scientific GENESYS 10S

Series) AMUINIATNENIIATUDUYABATE AIANNTT
R . Ao—Ae
Inhibition activity (%) = =X 100 (6)
0

Tna Ao A8 ANMIRANALLANTEIANsAzatl DPPH (luiifinansans)

Ae A8 AMNNIAANAUUAITEIFIDEIN

a

qnansduayyadaszaeewiual IC,, wansielinnmnanududuresansaiaiivinldeyya
DPPH anasfasaz 50 iagiuliaaniuseiaaans (mg/mL) AMUIUANAINANNI13TRINITNANNANAUS TZUI19AN
Inhibition activity fuAuIdNduIaa196in
2) n7aATIEFLFNIATsIUBES (carotenoids content) AALLUAIATURY Lee & Castle (2001)
vhuzaaisunnsuauiledaamuliunn 2 ni Anansazanefiildounanteianiay uadiny
LAZIaNTLaA HERINEIU 2:1:1 1BuAT 12 DadaRT AIAN butylated hydroxyl toluene (BHT) Fagiaz 0.05 ndaunan
louwiesiinamiga 6,500 saustewndl uaan 30 Wi smsuanduresanaueen wdatilUsnnsganauugs
450 TR AasLeaq Spectrophotometer (Thermo Scientific GENESYS 10S Series) 31e1una lsvidag lulasnsu
s 100 NINABENIUIS (g / 100 g dry sample)

5. NM9AARIzITRyAN NADS

')’NLLNuﬂﬁ?wm@mLLuudN@Nuﬁ?d (Completely Randomized Design, CRD) NAININAABINIUNA 3 TN
Aarzimnnulslsauaesdaya (analysis of variance) WATAITNLANF19T8 ALRAEAINAaa91978 Duncan’s

multiple range test (DMRT) AiszAumuifiadufoasy 95 Aralilsunsudnifagil SPSS for windows
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Results

1. N17078 D UNIAAI T VN TUN LN TENINNTLLIVN 004 [T A

N13818 laUNIAANTURITUN TN BT LN TR0 I T d AnemAaliasneiy leun waTla OD, VOD, USOD
uaz USVOD luusazdaanand 2, 4, 6 waz 8 dalus AauanaeiuadeldadAnyneada (p < 0.05) wuainisld
wAlla USVOD HAN WL uaz SG gev)ndasiaan daszudnefanay 61.28-68.09 uazfatas 15.37-19.56 AINAIAL

YUENAT WR 189N LHNARIUNILLIUNN300ATNTANNAT 2 WA 4 9aTue wudnnisdnm lasaldwmailan USVOD Hen

|
1l A

WR gean winiufesas 45.91 uaz 47.96 AINAIAL WAHANENEATI0AT 6 waz 8 Falus e Fausuiumaiingy

IneiAWINTUSesaY 48.07 WAL 48.53 mNaisu (Figure 1)

(8)

a
a Y
1 b:.8 c D d<
aa ., g€ " d
wq £ »
m oD T 12 4 moD
= VoD -y 8 VoD
W UsSoD ¢ | = USOD
usv
. % usvoo
3 4
0 4
2 4 6 8

Water loss(%)
]
Solid grain(%)

2 4 6 8
Time(h) Time (h)
04 (9]
= cbgyd c 22 d cabd
g aSall v
€ 40
g i
5 m VoD
.':!; 20 4 § USOD
® 0] % USVOD
0
2 4 6 8
Time(h)

Figure 1 (A) Water loss (WL); (B) Solid gain (SG); (C) Weight reduction (WR) of osmotically dehydrated mango
slices during osmotic dehydration at different methods and time. Values are mean + standard deviation;

the different letters above the bars in each time indicate significant differences (p < 0.05).
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2. 130104PN T UAZNANTINUIDATY (water activity) UBNTUNZMINIZNINNILIUNIT0DAINT A

v
a °

LN AT U AANsININAd sy 1R T Uz iR sT U seealnTadan AT luusias
4291981 2, 4, 6 uay 8 Faluq fAunnsiteiuaeneldad1Atyn19adis (p < 0.05) definnanluniseealnda wudn
ﬂ?mmmﬁu%umxﬁ@ﬂﬁuﬁﬁmmﬂmnﬁwm@fmﬁLLmTﬁmmm mm:ﬁLﬁ@éuqmﬂi:mumm@miu%mxmqﬁm"m
nMmMAgeLsAEmMALlA USVOD ﬁﬂ?mmm’m%wm:ﬁfaﬂﬁuﬁﬁmxﬁi’ﬂz\;m winiudesay 41.70 waz 0.8773 MINANAL

709M4NN AR N3 MWmATIA USOD, VOD Ay OD Ansa1sy (Figure 2)

(A) (8)
70 1.000
abbfi abcd abcc abcg
60 { @ o 2
bcg " 0.800 -
g 50 3 5 d a a e
= o be d bc gj
& d > 0600 |
2 w0 Eo0 S mop
8 °
@ VoD

2 30 m VoD 5 040 - "
2 g UsoD
2, musoD 2
2 usvop 0200 usvop

10 4

0. 0.000

2 4 6 8h
2 4 6 8
Time(h) Time(h)

Figure 2 (A) Moisture content; (B) Water activity (a ) of osmotically dehydrated mango slices during osmotic
dehydration at different methods in each time. Values are mean + standard deviation; the different letters

above the bars in each time indicate significant differences (p < 0.05).

3. AMUANTTANINIAAN LN INTENTUNANUAIR1NENUNIE1UN 38 0a INANA ansTuaaLnATATILeNE 1T

1) Ysnrmureandeiiazane laviavan (total soluble solids) AMnsA-iud (pH) waziFurunsad minsa s
(titratable acidity)

v

AINNT3ANEY NUdIwATAeealuANA laLnsTudanafa3unaacndaiazanelavanss (total soluble
solids) ANTA-1U4 (pH) kazd3ununsaflnineals (titratable acidity) 109Funziasad el dad1Aynieada

(p < 0.05) NnAmaaasdFuuaasuidazaelanenn uazAnsa-wainay asiBunnef lnmenlaanas

a o

WanBeuiauiugmaaesaiunn (Untreated) nnsldinatia USVOD denali@unzaindlifunmuassudanazans s

WINNA UATAINIA-LUAGIAA WU 9.53 8IANLTNG (*Brix) WAz 4.17 AMNAIAL T8RN A8 n13ldmaiia USOD,

A 1 g

VOD #ae OD ANNANFL NA1D85213749 8.10-8.57 4AUSNT LAY 3.83-3.91 ANNATFU AusNn1sldimalla OD

U

FFuraunsanlninsmlegean winduiasaz 1.00 9898911 A n13kEmATRA VOD, USOD way USVOD ANHNATAL

a9

Henatjszudneianay 0.57- 0.83 (Table 2)

218



B AIANTIMENANERFYINT TN 30 (RATUTA 1) WNTIAN — LmIEl WA, 2568
R oach\CE JOURNAL BURAPHA SCIENCE JOURNAL Volume 30 (No.1) January — April 2025 UNANNIAY

2) AA
=

=2 U a a a al/ ] Vo ! a 1A
aNN3ANE wudmatineealufing lansdudenaliAimanuadneeesd (L*) A1ALAN-LTER (+a* AL -a%)

v v
° a o o

ANRVARS-UNRU (+b* UAZ -b%) LazAIAMNLANA19T89 (AE) 3asTunzdauananeiuad1eldadAnynieada

(p <0.05) nn?ﬁlqmmmﬁmmﬁmd’mmm%mm LazAiuaneiliAiiniy LﬁI'aLﬂ?‘ﬂmﬁﬂuﬁuawmmmuam
(Untreated) (Table 3 wae Figure 3) menﬂ?ﬁlwmmm a* inay tvuandaauiudiden efiansnnianny
dwnaedidunszuaunsaealuda n1sldneila OD TunzainalAaNgde89] wazAnBwassgeqn Winil 75.29
LAy 68.93 AuANTL dwfunisldinaiin USvOD RAacmiidudiden wazen AE frga Wity -0.33 waz 17.71

ANNATGIL

Table 2 Total soluble solids, pH and titratable acidity of osmotically dehydrated mango slices using osmotic

dehydration combined with different methods.

Parameters

Treatments O
Total soluble solids ( Brix) pH Titratable acidity (%)
Untreated 3.00 % 0.00° 3.53+0.02° 1.87 £ 0.06°
oD 8.10 X 0.10° 3.8310.01° 1.00 £ 0.10°
VOD 8.53 1+ 0.06" 3.86+0.01° 0.83+0.06°
UsoD 8.57 +0.06" 3.9110.00° 0.8310.06°
uUsvoD 9.53+0.06° 417+ 0.01° 0.57 £ 0.06°

*Note : “° Means + standard deviation followed of different letters in the same column are significantly different (p < 0.05).

Table 3 Color parameters of osmotically dehydrated mango slices using osmotic dehydration combined

with different methods.

Color parameters

Treatments
L* a* b* AE
Untreated 80.62 £ 0.10° -4.33 £0.02° 51.81 £ 0.07° -
oD 75.29 + 0.09° -1.74+0.02° 68.93 £ 0.04° 17.82 1 0.06°
VOD 72.86 £ 0.06° -0.62+0.01° 68.74 + 0.07° 19.01 £ 0.04°
UsoD 72.80 £ 0.06° -0.57 £ 0.01° 68.61 X 0.04° 19.18 = 0.06
UsvoD 71.22 % 0.04° -0.33+0.01° 66.27 = 0.04° 17.71 £ 0.02°

*Note : “° Means + standard deviation followed of different letters in the same column are significantly different (p <0.05).

L*: brightness, a*: red-green chromaticity, b*: yellow- blue chromaticity.
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ISSN 2985-0983 (online)

Fresh oD VOD UsSoD

Figure 3 Osmotically dehydrated mango slices after osmotic dehydration process with different methods.

4. ALUANTANIANUO UL ABATETOINEHNINNAIAINAUNTELAUN 17008 INANA [81m 7 TR ATATIMANFINNAL

£

=2 1 a a A nI/ v = & o | a
AnNnsAnE wudnaiaeealufng lansdudenaliiBuinualsnueamianun ansdsenauiuedngon

o o o

wazgnENI9EueYyaBastineds DPPH (IC,,) vestunzainglAseiuatnaiiiadAtynisalia (p < 0.05) AaNLR

o
'

Iumif?’ff]u@%@%m:nﬂwwﬁﬁLma‘fmm%umﬂqqﬁmumzmum‘m@m‘iu%mﬁm@mmLﬁmﬂ%mﬁﬂuﬁuammm
AILAN (Untreated) Nsldinatin USVOD fiBnmunlsfiuensiomn asLlsznauueansy LL@:qm’%rmaﬁqu@%@
BaszlneiAa DPPH (A IC,, i1 uamafeniafignanisiuayyadassiige) guaaiileunleuifiausumaiiagu a0
Winfu 276.41 pg/ 100 g dry sample, 51.14 mg GAE/ 100 g dry sample L&z 0.313 mg/mL ANNAIAL T8904N1AD
nsldinailan VOD, USOD waz OD df1agsz1ning 198.00-266.65 g / 100 g dry sample, 36.80-43.17 mg GAE/ 100

g dry sample WAz 0.366-0.480 mg/mL ANNATAL (Table 4)

Table 4 Antioxidant properties of osmotically dehydrated mango slices using osmotic dehydration combined

with different methods.

Parameters
Total carotenoid content Total phenolic compound ICq,
Treatments
(1Lg /100 g dry sample) (mg GAE/ 100 g dry (mg/ mL)
sample)
Untreated 1,007.01 £ 1.55° 110.79 £ 0.23° 0.300 £ 0.001°
oD 198.00 £ 0.60° 36.80 £ 0.03° 0.480 £ 0.001°
VoD 266.65 1+ 1.10° 43.17 £0.03° 0.366 £ 0.001°
UsSOD 230.64 £ 0.94° 40.75 +0.03° 0.372 % 0.001°
UsvoD 276.41 £ 1.77° 51.14 +0.06° 0.313 £ 0.001°

*Note : “° Means + standard deviation followed of different letters in the same column are significantly different (p < 0.05).
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Discussion

1. N17078 P UNIAAI T UINNTLUIUNT0DA TN T A

nsldinaiia USVOD filFunuunfigoyide (water loss, WL) waziSunnsaaqudaiiindy (solid gain, SG)

NNTANEe HAnatszninefasas 61.28 - 68.09 wazdauas 15.37-19.56 AINAIAL AN WL Nldarnnisdnmniien

|
1A

gandninulusneenuddeaed Fernandes et al. (2019) innsAnsnisldinatindansngiauslunisaediufanzaio
1981 10, 20, 30 WA 40 WA WUGIHAY WL BEjszndneiaeay 0.4 - 20.6 TuEIA SG HANatjszuineianay 9.7- 64.9

a o

FeilAngendnuailfainauddenianisAnfivean 180 Wil H31e9113AaLe4 Sulistyawati et al. (2018) Anwng
watinaaalufng lamsdunadsaaan waznisldaniozqayiniasauiueaalufing lamsiulunisessluda
Nrgn WudIHAY WL winuFesay 44.91 uaz 46.09 AMNANAL 10UEiAN SG WinAuFenay 4.95 uaz 6.54 AINAIAL

a o

A19NAT WL 1ag SG Tunszu1n17008 INT AN THILANFAINANNINUATETHIUNI 81N AN AN AN AT D IATad5Ng

FLAUNTIRN ARugudg THAkAzAMENTUTIBIA TAZANE TN WMATABAZANTZN ENAADY WIUAY WBaNANT
o a a o o dl Y @ 1 Y d‘ o &1 o a = eI/ 1 o

HuIfEAuuNInAuan b iudnisldpaudansnaiaudsoniueealufing lawnsdudoadfulgs
At launaagnsrednalyl i wethila (Ma et al., 2021) Nzaag (Fernandes et al., 2019; Sulistyawati et al., 2018)
wazuwAIULLIATE (Nowacka et al., 2017) taaidlAn WL waz SG gaillainszazinanlunisasaluda anuzh Sharma and
Dash (2019) wu3ndhsNIsgauidaunaasgnudniiinisaneineldinatia USVOD HeAngendnnisldinatia VOD uay
oD nsldmausamnsaIausdqelinisonelaunaag1slunssUIun1390 A TNT A 159T1 LHAIANNARUEARIITIIUS
Lﬂﬁ@u'ﬁBhuﬁummmﬁﬂﬁwmmmmmmmﬁmmﬁu WANN0LEA (compression) ka¥N1IAAILFA (rarefaction)

d o o o omt o . y v o . ,
PAIPAUB AR INTIIUA A UA WA A TN N7 At asarnsunialulnseasienaly eandusuanas (rarefaction
phase) aztiANa48 N 1AYUIALAN (microbubbles) Naluaadiuan 1Fendn dsngnisaiandindu (cavitation)
Wasaniamatdniialugnguiaiasesa ldnlazon snehdosauauinGu (compression phase) Wea1nIA
\AAN9LIAIA8EN999015 (Rana et al., 2024) Ansiinausasamuginielulassadeaasnald iausaeu (shear
forces) inlfimadnaliuan (cell lysis) uazlasaairaaadgnyinans (Xu et al, 2014) WanaINiwnEY (pectin) Mot
LM aN AR NINNTAR (middle lamella) NALEINANITAZATE NNTEANIZAUIENINITARA AR ﬁﬂ"l,ﬂ@:milﬁm
1093719721398 4 (intercellular spaces) Waa1H Wl TaS L AANITUANFILAZLENEBNAINAWAWLAATRII14
=3 . o v < = A o ¥ v Y '

UIALAN (microchannels) M ldaasudsainnsnipdauidngnialulassairaualdld souisdnadonaasansazans
satFunnunluaAates (vacuole) NAU WazipdaunanuaAalaalilfiniluaad uazaandansazaiaaaalusn
(osmotic solution) atjsav@unalsl (Goula et al., 2017) auzinisldimatiagaiauiniAdosisanisnidnitaanaInay

v dl IAD Dd‘ 24 dl U & % v =X o
N@VLQJ Lll‘ﬂLL‘TJ?HNZ‘]VLNW@J’]’]'JSQEUWEQ’W’]ﬂ ﬂﬂﬁﬁ/]ﬂﬂ“ﬁ‘ﬂ\i'ﬂ\‘li‘%ﬁ’]’]\iL‘ﬁ@@ﬂqﬂiutﬂi‘\ﬁ@ﬁ"ﬁ\iN'Zﬂ&lgﬂﬂﬂ@‘ﬂﬂ‘ﬂﬂﬂf;lﬂ@vl,ﬂ

U
1

Hydrodynamic mechanism (HDM) visauseduiadaulunisunsnszanaeesdn sauianinidasuntlasnanusunislu
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waznauantuna b i ldansazananegnisludesdnsssudvaagdinaauneangaisazaranldlunisud avinli
sTULNAUgANINzLIIENIALNG IRAnsunirasatsazaeidngtasivssudnaasununinaignaseeniyl (Gautam

et al., 2024) N3 ldAAUEaA WA luNswTand U unauldannz gy niadaalinisindneiniAuazindasy

a

aanannilafianalifliuinTulnaiugniuaesingau (Trusinska et al., 2024) Aetiunisldisaasinatinsauniugae

q

Wndszansninlunisaneleunaagnslunszuiuniseealuda duiunisidasuulasiFunnsiiminnanas (weight

reduction, WR) 189n321uN"308 4 InTaNeadeaiuAIN1sgoyiaesn (water loss) wazdantlsznauaedaniisnazans

v 1
a a

11 ld Arnnsfne At WR aeduzaiasiitinunszuaunisesaludasiamaiin USVOD fnan 2 uaz 4 4ol HAg9gn

' £ '
Y

widAA1gaNaan 6 way 8 dalug tilesainludasusnaasnsruouniseaaludauinislugadilaitianinis
gnaseansnatemndutunaniandangnisaipidmdu naln HOM uazauuAnsitaespudnduzesemian
naluwgaduazansazatasalumin n1sgoidaun luilBunuiniininaasannsazanaesinliAn WR NI
Waaidiuld nnsgoyideinazanasiiasainiinannalunistialeuunaans (mass transfer equilibrium) $91%4
a19arangeaalufnuiIvdouiafeuiidngiie te1890 s iNNINAY AUENNI7aAAITRIUINENBIUNS
- o o o y X d L cay A4 o

\AansazaesdaraiaAtanas naasuulasiasaiallaidieannisgadeunniiullenaildnisnaesuives

waamandnas daganlaainnisideasagliddonisldinatin USVOD Tunssununiseaaludadunszainos A1 WR ANTY

v
a o

lugaqusniiasainiilaiiaeanzionianisgaideun antuiidanasiainaniazannalunistnalenunag

k7 o I

Hnnsunsnduaesresudainasazatenaluinidngfaet 1981 NINIW weanaINHENENWIdHTY Sulistyawati

v J a o

et al. (2018) wuiNN13lEmATA VOD lun1atmsaddumudzdaafy 8A1 WR anndin1sldwmaiia OD Javindu

£
o o

faear 31 way 50.74 ANNAAL TuzinNziaegnnsldvivaaamatiaiipn WR Tluansnaiulunieadian daqwindu

FP8aY 46.09 LAy 44.91 AMNANAU AsUNNENe TauNadns lunTUIuN1Teea NG I uet funanatTady 1y wATla

U

'

wazan1agildlunisfinen Aosdndunazaiinaesansazarzeeslumn aia 1uin Ui Tassafratas uavaneiug

]

o a dl Y o ' o a v
1IN AL Al ‘ﬂm?’]‘ﬁqu?‘?&ﬂ’)%‘i‘mqmﬂLLZ\]Z@"I?@%@’]H W

2. 150104R0TY uazNanssNIBAse (water activity) 3 NNIZLIUAITAOA INANS la1m 7T

PFnnuannTLazianssiaesin@assinnugAnysansas i uintemeaqauvse uazaigniaiuinm
a o & a A o P X a ¥ a =2 o
HARSTTWT nAmaaeiainiaa lunssuaunseea i aitFunmanuTu wazianssnindaszanas n1sAnwlneld
wATiA USVOD Zunzsinsiffunuannuasianssnindassanasinninynmaiiaieduganszuounisend uds
A o o A 3 A o ca o o
HAwiniufesay 41.70 uaz 0.8773 ANNANAL WedaINN1sdAAuEanI1EuAIiAn1s DALz IN8AI T8
WasaniAaduiunte lutunzados inliiAsdesinsauiadnnialulassainsuazuiindaunaanainsasuzain
Tadeau WeldaniargyainiAsansaadianiidnainianeg lugngunislulassaisuazitanniiatiana bl
1A NN (Trusinska et al., 2024) A931ENIUIRETBS Zou et al. (2013) NUINNZHWARIUNIFFENTUAUAIEAENNT

paalNdaltinan 30, 60 WAL 120 WA HUFNIUANNTY WINAUSasas 80.7, 78.6 WAY 74.9 AMNATAL YEULNNANITH
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tindasy BAINL 0.925,0.913 uaz 0.894 Auansy TnaAnTildainnisdneiauieuinauadeinaraun
ludnedu wudmsdinaila USVOD anunsarndniin wazantsunasirdasyidunnndy nsldinaila USVOD faustin
L3N0 TUAZAARINN LLﬁiﬁ@ﬂ??Nﬁﬁamixﬂ/\iﬁﬁﬁﬁ@ﬁ vaifenafinannsldndusanmaaudinifiindesdng
nnadnnelusaduslidaaliiiadeuiisaninmavenisadldunn snsiuaiuasazana i lumsudiuns sl
mmmLmiﬂnz\i“uLﬂ’ﬁiﬂmﬂluim\m%ﬁqm@inﬂ@i”mnLﬁuﬁuﬁaﬁﬂﬁﬁfammﬁﬁmﬁm"]ﬁzg\i (Fernandes et al., 2009)
FetutFanmanndy wazfanssiiaasrresua lifiunszuaunseaalidaduanetadeiiioades iy main
wazanasiildlunszuauniseealuda aunn 7U919 Ianvaframad uazdanawugresingau alauazAanmdudu
2184413078294 AN ERsdausTndNiRgRLLATaITazane Wusu SlefansunfansTutinaaszresdunzing
fil4mpila USVOD nudnilenannndd 0.85 Tualunguaasansnsfiouds famansdwiui iudlsgflunnsnet
NTNWBLLIN L"fifaqmmfﬁQnﬁﬁmfafaﬂmm”mﬁumqmumﬂ@mzﬂm@ﬂummﬂigﬂmea*ﬂmqmmwmmm?mﬁmm’

1315

3. AMANTTANNIAAN BN INTBINEHNWNAIAINEUNIELIUN 19008 AN A [B s TR ATATIUANFINLY

Funasaeanianaratsin lanannnaeanztaaitiuniseed lndaneadeenuUFunmeawdeaiiving (solid

gain) LHa9a1ndagnarany (solute) Nagluansazanaasaluinipaauiidnllulassafseusios n1sldinatia

v
Y o

USVOD Htffunnuaesuisnazanalaviasunn uarAnsn-tuagege uiiEunansannnealdnanueas iunaniann
nsldpaudansaiausinliiilatianaldgnyinans wazileinisldanizgyoyinimduszazinainiiasonsae
= = W X o 998 a aAe a Ao Py
#nnshivaniAsanaingngusesnalllauinuuin i uazaisdsznaudunse Wy nandunstagnislulassaiie

ﬂl dl % v al o 1Y o 1 U U & U
wasuiaanuineueniaseaiena il ausiReaiuansazarsannauanunsidn lidvgasdnsseninamasueana
unu d1m3unisldineila OD nhstAReuTaasansiagnelunarnauansasua lidunaniainAuLAnGN9Tas

o el 1 1 a ! LR o oA <1 d‘ s/i//
wsaAune lunazniauanaasiAt linan anisdaleunsaanslddesinlilsuinaesudeiazanaldinauun
. S o d o o e
WAZANIA-LLARININATADY BTN uNIn T Ininsa LiHAn g
dl A 1 dl 1 v a a a ol/ dl 1 o % o
niailasuulasAr@aaanzdnsfiirunimaseudainaiineealuinalamsdununnseiu asnndaeiy

NUIREURY Trusinska et al. (2024) ﬁnmmﬂ%mﬁﬁﬂﬁaﬁmﬁmqum"i’quﬁmmqmﬁymﬁmﬂ“luﬁf;mh\iLmﬂlﬂ@ WL
AANNAdNTBsRanAININNgINs daN19TaUaUINALNEeENNAYY uazFRatnedn NsanulasARaesnzia
d ey o o - - . o A d o 3
Waldmafindansaaudiiunaniainnisfianesainiannlilassaireilaitiasaswzdasiasunilas wanainil
paugansauAdeinbiifindjisemneedesiuewladuaslildiowlaimiduanmg lunisfinarsdszney
Aurmainlignisuansaaesssadagnlia (Aadil et al., 2013) Rvasuziaainainsapdngualsiiveas Tasaaiie
2a3ualsfiuetANRUssAAAUALRUSZIAEY (conjugated double bond) A1uaUNINAIYNaand laduazaanssialadne
~ aaa a o el iy = . a o
Wasandfiseneandiadudinaliduaza190angnEN19TININAAAS (Moreira et al., 2018) apuzAinasldaniay

qryryinAiansununresanAusdaunialulassafena aansazaneildlunsudinilaseaing wazandad
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v

AN9ENLUARALEN (refractive index) lWAsuklasdanamam1@uesua lNeunszuauniseasinga (Trusinska et al.,

2024)

[
o

4. ANIANTIAN AU UYABATEIBINEHWNUAIANENUNIZ1IUN 19004 INANA (AT TUAIEIATATIUANFITTL

o

neldinatia USVOD nesinelifFunnualsnueasngs ilasainnisldaaudansaiauddas lunisain

= & dgll dl 1 k2 dg/ dl ¥ 1 v a o o o 1 1
walsiuaadaniiaitionziaslaunnau asiinisldaniarqoyoniasausmaiinidnainiAanialuta szt an
a a o o o = & a £% = e‘-ﬂl ] & v
nisiineandindudwduaiuelunisaatasiaesualsnuess daasuliualsnuessnagnialuiaadnals
gnilandaeseanuiuinaulunszuiuniseaaluda (Corréa et al., 2016; de Jesus Junqueira et al., 2018) wsitilald

a o c 1 = o v = & 1 ¥ 1 -di

wAtiadansgaudiieatiname i T A lsuesdanasunndinisldaniazqoyoyiniAsan anaLiiasunann
nsldpaudansaausszazina i g Rgaau luanatesualsiiueammiaanliansigaianisaaiasn

= a o D) A o = o £ \o  |aaa 2 o
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U

v o

raueulas amadnalifiianisd uazanainannisus Sursedu eulsdazindjiseniuduamam (substrate)

nilgadna lgneesaaasmaeulmiinnau inliualsiuesdaassiailedudaiueandiau (Guiamba et al., 2016)

- 1
a

NN meaeuAmATiA USVOD Hilfunuanstsynauuadinsan uazgvan1siueyyagaszigs
o y A o o . o s o v 2
Weasannnisldpaudansgiousdonfulgananaiuisalunisainansdsznauiuaanainitiait aua b saums
TrssaFreresnaldoadoadasiunisaanasasesarsiuedn uwinisldaaudansiaiousinlianslszneuiuedn
WANTTAAN8Isn be Lt TmﬂLﬁmm?ﬂ?xn@uﬁﬁ@@ﬂ%muhiuL@Q@ (reactive oxygen species, ROS) 7¢#914019410A
Wesanna Waldimealiasinaiaiudaetisueilila Tudn@nss uazuimaou (Mierzwa et al., 2022) {512971U09
nsdszene ldpaudansgausminiansiueszeuei s wiualsiureswnsen uazianssunissinuenyasaszaes
wnAuAIgilanas (Nowacka et al., 2017) #uehl Rahaman et al. (2019) Anwinisldaaudansnaioudsoniu
N3LUIUNN9904 INTA NUIMNANNBNIUaNTUsena UL ANTINN AN WA Trusinska et al. (2024) Anwn1sld

. oo : - . s ¥ - 5
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Conclusions

nsldinatiadansgioudsoniuaniazqauyinialunisesalufinalamsdu (USVOD) daaifuilgs

°
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1
o o a o

, A o = = = 4 2 s o o
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